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Abstract 
Tomato (Solanum lycopersicum L.) is a large target commodity for Malaysia’s export trade. 
However, tomato is a perishable climacteric fruit that requires favourable conditions to maintain 
its freshness from farm to the table. Its fast ageing process tends to attract pathogens that reduce 
the shelf life of a detached tomato, hence affecting its quality causing severe losses to the 
agropreneurs (Anderson et al., 2014). Therefore, there is a dire need for a mechanism to maintain 
the freshness of tomatoes. This study aims to examine the effects of chitosan and cinnamic acid as 
edible coatings to prolong the shelf life of tomatoes. Chitosan plays a role as an antifungal agent 
whereas cinnamic acid possesses antimicrobial properties that help to improve the shelf life of 
tomatoes (Bautista-Baños et al. (2006). In the study, Chitosan and cinnamic acid coatings were 
applied on fresh graded tomatoes at two maturity stages; breakers and turning. The samples were 
observed every three days for a total period of 12 days at ambient temperature. The results 
showed that a single coating of chitosan (0.5 %) had a positive impact on the total soluble solids 
(TSS), firmness, hue angle and weight loss of the samples. On the other hand, cinnamic acid 
(2mM) influenced the firmness, weight loss and TSS value of the tomatoes. The coatings inhibit 
respiration and minimise starch conversion into sugar that could lead to lowered sugar (TSS) 
content. The restriction on respiration ensures firmness and delay the colour change of fruits at a 
particular period. The slowing of the ripening process that causes ageing and weight loss in fruits 
is reduced. Both coatings were proven to be highly feasible for application in various industries 
due to their edible, non-toxic and biodegradable nature.  
© 2019 UMK Publisher. All rights reserved. 
 
1. INTRODUCTION 
Tomato or Solanum lycopersicum L. was 
previously known as a dangerous and poisonous wild red 
plant (Thomas, 1996). Since then, it has evolved in terms 
of colour, flavour, and shape that allow them to be eaten 
raw or cooked. The varieties of tomatoes differ from one 
region to another (Guerra et al., 2015) and they include 
Jaune Flamme, Red Zebra, Siletz, Orange Cherry, 
Candy’s Old Yellow and Cavern to name a few. 
Tomato contains an abundance of vital 
phytochemical elements such as lycopene and β-carotene, 
which are higher in processed tomato compared to fresh 
ones (Friedman, 2013), providing them with a 
competitive advantage for export purposes (Islam et al., 
2012).  
However, a detached tomato is an “easy-to-
damage” kind of fruit due to its climacteric characteristic 
where ripening continues well after it has been harvested 
(Cara and Giovanni, 2008). The presence of ethylene 
causes the rapid deterioration of the tomato. The ripening 
process will alter the properties and desirable qualities of 
the fruit leading to a reduction in its market value (Diaz et 
al., 2002). Thus, it is crucial that the aesthetical values of 
the tomato are preserved to prolong its shelf life and 
maintain its market value.   
An edible coating is a safe, biodegradable and 
non-toxic substance derived from either plants or animals 
as a substitute for harmful chemicals (Moreira et al., 
2011; Sabaghi et al., 2015). Chitosan, for example, is an 
edible coating that is developed from chitin shells of 
crustaceans. It is one of the most abundant biopolymers 
after cellulose (Cheba, 2011). Chitosan is an antifungal 
agent that can control postharvest diseases (Terry and 
Joyce, 2004; Bautista-Banos et al., 2006). Additionally, 
cinnamic acid is a plant-derived soluble compound that 
exhibits antimicrobial potential (Narasimban et al., 2004; 
Adisakwattana et al., 2008). Meanwhile, cinnamic 
aldehydes play a role in the disruption of biological 
processes that impede microbial growth (Muche et al., 
2011). 
The combination action of chitosan and cinnamic 
acid provides a semi-permeable barrier for oxidative gas 
that helps to delay the ripening process (Baldwin et al., 
1999; Yang et al., 2015). The barrier inhibits respiration 
and transpiration to preserve the antioxidant capacity of a 
fruit (Ali et al., 2010). The application of chitosan and 
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cinnamic acid at a commercial scale aims to replace the 
usage of synthetic fungicides to control spoilage by the 
pathogen. Chitosan and cinnamic acid are considered as 
safer alternatives to the potentially toxic chemicals to treat 
early deterioration and extend the shelf life of a food 
product (Win et al., 2007). 
Chitosan showed promising effectiveness when 
used on papaya (Ali et al., 2011), guava (Hong et al., 
2012) and strawberry (Hernández-Muńoz et al., 2006). 
The edible coating is a significant replacement for 
chemicals in maintaining the freshness and safety of the 
fruits while in storage (El Ghaouth et al., 1992) as well as 
preserving their desirable qualities (Garcia et al., 2014a). 
Postharvest handling is one of the main factors that affect 
the quality of tomatoes. Therefore, a coating can delay, if 
not prevent the deterioration of the fruits by minimising 
the effects of unfavourable conditions and accidental 
contamination during postharvest handling (Moreira et 
al., 2011). Understanding the reaction of the fruits to their 
coating is essential in developing a cost-effective and 
efficient postharvest handling. 
2. MATERIALS AND METHODS 
2.1. Fruit selection 
Fresh Solanum lycopersicum L. were purchased 
from tomato farms at Lojing, Kelantan and Blue Valley, 
Cameron Highland, Pahang, Malaysia. The selected fruits 
are uniform in colour (breakers and turning), size, weight 
(60 – 90g) with no obvious physical damage or bruising. 
The tomatoes used are in their breakers stage (<10 % 
other than green/yellow colour) and turning (<30 % other 
than green/yellow colour) as stated by the Federal 
Agriculture Marketing Authority (FAMA) and US 
Department of Agriculture (USDA). 
2.2. Preparation of chitosan 
 The acetic acid and commercial chitosan were 
purchased from Sigma-Aldrich, Kuala Lumpur. Chitosan 
0.1 % (w/v) was prepared by dissolving it in 1.0 % (v/v) 
acetic acid. The solution was stirred overnight in ambient 
temperature. Then, the solution was filtered using a 
muslin cloth, and its volume was adjusted to 1000ml by 
adding distilled water. The coating formulation resulted in 
several sets of treatments: a) control (uncoated tomatoes), 
b) 0.5 % chitosan acetate solution c) 0.75 % chitosan 
acetate solution and d) 1.0 % chitosan acetate solution.  
2.3. Preparation of cinnamic acid 
The cinnamic acid was purchased from Sigma-
Aldrich, Kuala Lumpur. Cinnamic acid was added to 
distilled water and stirred until it was fully dissolved. The 
coating formulation resulted in several sets of treatments: 
a) control (uncoated tomatoes), b) 2mM cinnamic acid 
solution, c) 3mM cinnamic acid solution and d) 4mM 
cinnamic acid solution. 
2.4. Coating application 
Tomato samples were divided into the breakers 
and turning batches. Each batch was separated into three 
different coating treatments. Then, each batch of the 
coating treatments was divided into five different groups 
for 0, 3rd, 6th, 9th and 12th day of observation. The 
tomatoes were rinsed using distilled water and air-dried 
prior to the treatments. They were then dipped into 
chitosan for 30 seconds and 3 minutes in cinnamic acid 
and allowed to dry in ambient temperature for two hours 
on permeable tissue paper or simply in a tray to remove 
any excess solution. Observations were recorded at a 
three days interval for a period of 12 days. 
2.5. Colour assessment 
Colour changes of the tomatoes were 
documented using Minolta chromameter (model CR-
400X Minolta Camera Co. Ltd., Japan) every three days. 
The chromameter was calibrated (L*=98.15, a*=0.13, 
b*=1.92). The colour was determined from six light pulse 
points at the equatorial without spots and tissue 
discolouration from 45 tomatoes per treatment. The 
values of the hue angle were calculated using (h = tan-
1[b*/a*]). Chromameter read L as lightness (black [L* = 
0]); (white [L* = 100]), a* indicated redness to greenness 
(red [a* = 100]); (green [a* = -100]), b* indicated 
yellowness to blueness (yellow [b* = 100]); (blue [b* = -
100]).  
2.6. Firmness 
Firmness was determined using Brooklyn 
Texture Analyser using force in gram (g) before being 
converted to Newton (N). The firmness was determined 
using the puncture method of TA 39/100 (probe TA39 of 
TA-MTP). The process was automatically accomplished 
by using remote control where the readings were 
transmitted from the machine to the computer to calculate 
graft firmness. Readings were taken twice at every 
opposite point (4 or 5cm apart). Texture pressure analyser 
(TPA) was set at a speed of 10mm/s. Firmness at the first 
peak using surface penetration was recorded, and the 
average reading was calculated. 
2.7. Total soluble solid 
The tomatoes were vertically cut to obtain their 
filtered residue to measure the suspended solids (Brix, 20 
% sucrose) using hand refractometer (Atago) indicated in 
percentage. TSS was observed on the 0, 3rd, 6th, 9th and 
12th day. 
2.8. Weight Loss 
The weight of the tomatoes was measured using 
an analytical balance (Kern EMB 2200-00) after they 
were coated and air-dried. The results were reported as 
weight loss percentage. 
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2.9. Statistical Analysis 
The data obtained were analysed using SPSS by 
comparing the means using Tukey’s multiple range test at 
p<0.05. 
3. RESULTS AND DISCUSSION  
3.1. Colour Attributes 
Fig. 1 shows the influence of edible coatings on 
the colour changes of tomatoes at different maturity 
stages after 12 days in storage at ambient temperature. 
There is a significant difference between the edible 
coating and colour change with storage time. Hue angle 
values decreases with time for chitosan coated tomatoes, 
but increases for cinnamic acid coated samples. The best 
hue values are recorded by breakers tomatoes coated with 
4mM CA and 0.75 % Ch and turning samples coated with 
3mM CA and 0.75 % Ch compared to the control. The 
lowest hue values are charted by tomatoes covered with 
chitosan at the breakers stage. Cinnamic acid treatment at 
the turning stage shows a decreasing trend with respect to 
the control until the 6th day where the values of 2mM and 
3mM increased. The results suggest that chitosan as an 
edible coating delays the ripening process for tomatoes at 
ambient temperature due to the low hue angle at 
approximately 9.9 %. 
 
Figure 1: Hue angle of tomato treated with chitosan (Ch) and 
cinnamic acid (CA) at the breakers and turning stage after 12 
days storage 
3.2. Weight Loss 
The weight loss (%) of fresh tomatoes during 
storage at ambient temperature is shown in Fig. 2. The 
fresh tomatoes experience the highest weight loss at the 
turning stage compared to the breakers stage. Tomatoes 
covered with chitosan 0.5 % (breakers) and 0.75 % 
(turning) record significantly lower weight loss at 5.43 % 
and 6.60 % respectively. Tomatoes coated with 3mM CA 
(breakers), and 2mM (turning) demonstrate the lowest 
weight loss at 4.61 % and 3.79 % after 12 days in storage 
at ambient temperature. The control samples for the 
breakers stage lost approximately 8.12 % of their weight, 
notably higher than other treatments. 
 
Figure 2: Weight loss of tomato treated with chitosan (Ch) and 
cinnamic acid (CA) at the breakers and turning stage after 12 
days storage 
3.3. Firmness 
The firmness of the tomatoes covered with 
edible coating is significantly reduced at the turning stage 
compared to the breakers stage (Fig. 3). Tomatoes at the 
turning stage coated with 0.5 % Ch lose their firmness 
rapidly, not much different than the control. The firmness 
of tomatoes at the turning stage that are coated with 
chitosan fluctuates throughout the experiment in relation 
to the control, except for those coated with 1.0 % Ch that 
steadily lose their firmness. Generally, the tomatoes 
continuously lose their firmness during the 12 days 
storage with an exception for the control tomatoes at the 
breakers stage. 
 
 
Figure 3: Firmness of tomato treated with chitosan (Ch) and 
cinnamic acid (CA) at the breakers and turning stage after 12 
days storage 
3.4. Total soluble solid (TSS) 
There is no significant difference between TSS 
values with maturity stages during the storage period. 
Most of the starter tomatoes record values between 2.5 to 
4.5. All the treated tomatoes at the breakers stage exhibit 
a decreasing trend in TSS value. However, 2mM CA 
coated tomatoes shows an increase in sweetness or TSS 
value up to 73 % from day 6 to day 9. A similar situation 
was observed for 3mM CA at the turning stage (2.97 to 
3.27) from day 3 to day 6. However, 0.5 % Ch coated 
samples demonstrate an abnormal increase in the TSS 
values from day 9 to the end of the experiment. All 
treatments including the control at both stages show a 
certain peak in TSS value during the storage period. 
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Figure 4: Total soluble solids (TSS) of tomato treated with 
chitosan (Ch) and cinnamic acid (CA) at the breakers and 
turning stage after 12 days storage 
Tomatoes tend to degrade faster than non-
climacteric fruits due to the ethylene produced by the fruit 
(Diaz et al., 2002). The stimulation of phytoalexin by 
ethylene as a defence mechanism against the pathogen 
cannot stop the ripening of tomatoes caused by the 
conversion of starch into sugar (El Oirdi et al., 2011). A 
study by Vunnam et al. (2014) observed that the 
respiration rates are lower when the fruits are treated with 
radiation in a modified atmosphere hence proving that 
respiration rate influences the shelf life of fruits. Edible 
coatings serve as a semi-permeable barrier for gases such 
as oxygen and carbon dioxide thus inhibiting respiration 
and ethylene production (Rojas-Graü et al., 2005; Yang et 
al., 2015). The decline in the ethylene level will delay the 
spoilage of the fruits. 
In the present study, the rate of decay of the 
tomatoes that were treated with 0.50 % chitosan and 2mM 
cinnamic acid was significantly minimised. Previous 
studies have shown the efficiency of chitosan and 
cinnamic acid in delaying the spoilage of fresh fruits such 
as tomatoes, melons and bananas (Liu et al., 2007; Win et 
al., 2007; Silviera et al., 2015). The coating of fresh fruits 
serves as a substance to maintain the freshness of fresh 
commodities from the farm to the table (Romanazzi et al., 
2017).  
The weight loss in the treated breakers tomatoes 
was lower than the untreated tomatoes. Similar results 
were obtained in a study conducted by Kaya et al. (2016) 
on the weight loss of uncoated fruits (25.0 %) and 
commercial chitosan-coated fruits (20.0 %) after 26 days 
in storage at ambient temperature. Studies conducted by 
Ali et al. (2011), Benhabiles et al. (2013) and Qiu et al. 
(2014) also supported the claim that the protective action 
of chitosan reduces the weight loss in fruits and 
vegetables. The water vapour pressure between the fruits 
and the environment has an impact on the transpiration 
rate which in turn affects the moisture loss in the fruits 
(Bautista-Banos et al., 2006). The edible coating provides 
a barrier that helps to regulate the moisture level in the 
fruits by limiting water loss (Cissé et al., 2015). In 
contrast, the untreated tomatoes at the turning stage 
experienced lower weight loss compared to the coated 
samples. This result showed that adhesion of the coating 
also affects the coating potential of a substance, even 
though chitosan is known to enhance water vapour 
resistance (WVR) (Poverenov et al., 2014). Also, the 
appearance of wrinkles on the tomatoes was observed at 
the end of the current study. It contributed to an increased 
weight loss compared to fruits that are stored in the 
refrigerator prior to being stored at ambient temperature. 
Petriccione et al. (2015) had proven that the storage of 
tomatoes at low temperature lowers the respiration rate to 
below 2.5 % after 14 days.  
The high colour percentage (Hue angle) of the 
tomatoes at the end of this study indicated the delay in 
their colour changes. This was mainly because greener 
tomatoes (maturity stage) were selected for this 
experiment to ensure their low lycopene content. The 
coatings used were believed to be responsible for 
preventing the lycopene from affecting the shelf life of 
tomatoes. Colour change is an indicator of the ripening 
process that occurs due to the ethylene action that 
stimulates lycopene production of the red pigments in the 
presence of oxygen (Vunnam et al., 2014). In the case of 
tomatoes coated with 4mM cinnamic acid at the turning 
stage, their colour changed gradually with storage time. 
Since their ageing process began after coating, the fruits’ 
ability to delay colour change was maximised. The 
coating had an effect on lycopene levels in tomatoes that 
were coated at the turning stage (pink stage) whereas 
lycopene levels in the fruits at breaker stage were not 
affected (Dávila-Aviña et al., 2014). Lu et al. (2007) had 
proven that the application of cinnamic acid coating 
inhibited the browning effect in apple slices [3 % ΔL] 
compared to sodium chloride [6 % ΔL] after 14 days in 
storage. Roller (2002) also conducted a similar study 
using fresh-cut melons and apples by using cinnamic acid 
as a coating. Other studies focused on the microbial 
inhibition and the antimicrobial properties of cinnamic 
acid. There is very few researches regarding the potential 
of cinnamic acid as a coating for tomatoes. 
The coating of 0.75 % chitosan and 2mM 
cinnamic acid on tomatoes were proven effective due to a 
high level of firmness after 12 days in storage, indicating 
a reduction in fruit softening. It was also observed that 
uncoated tomatoes at breakers stage tended to show a 
high firmness value compared to the coated tomatoes. The 
maturation of polysaccharide cell wall and degradation of 
lamella caused changes in the firmness, but the complex 
intracellular process that may be a factor that affects the 
firmness remained unclear (Garcia et al., 2014b). There is 
a need for further studies to determine the effective levels 
of coatings on tomatoes at different maturity stages.  
Besides that, the physical condition of fruits also 
influences the application of treatments. For example, a 
study conducted by Hong et al. (2012) found that 2.0 % 
of chitosan was proven effective in maintaining the 
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structural integrity of guava while Ali et al. (2011) 
discovered that 1.5 % of chitosan is a useful coating in 
retaining the firmness in papaya. A higher concentration 
of chitosan decreases water vapour transmission rate due 
to its hydrophobic nature (Bedane et al., 2012; Fan et al., 
2015). In this study, a low chitosan concentration was 
enough to maintain the firmness in tomatoes because of 
their thin exocarp. The deformation test had identified 
that tomatoes lost their firm texture due to the breakdown 
of their cell wall. Therefore, the function of coatings is 
mainly to provide a semi-permeable barrier that prevents 
the respiration process to maintain firmness in the fruits 
(Yang et al., 2015). The results from a study by Batu 
(2004) discovered that the firmness of two commercial 
tomato varieties ranges from 1.45 N mm-1 to 1.46 N mm-
1. The firmness of tomatoes commonly used in home 
dishes such as salads should not be lower than 1.22 N 
mm-1 or 1.28 N mm-1.  
In terms of Total Soluble Solids (TSS), most of 
the samples recorded a peak sucrose level (20 %) on day 
3 of storage before exhibiting a decreasing trend; an 
indication of fast-ripening process where starch was 
converted to sugar (Petriccione et al., 2015) as well as the 
conversion of sugar into carbon dioxide and water 
(Ghasemnezhad et al., 2011). The TSS values for all the 
tomato samples ranged from 2.5 to 4.5. The TSS values 
decreased gradually for tomatoes at the breakers stage 
than at the turning stage suggesting that they underwent 
lower metabolic reaction. A fluctuation in TSS values was 
recorded in a study by Tigist et al. (2013) where different 
varieties of “green mature” tomatoes were evaluated for 
quality changes. Meanwhile, Genanew (2013) identified 
the relationship between TSS values with titrable acidity 
(TA). The results of the study revealed that as sugar 
content increased, the level of acidity decreased due to 
oxidation which eventually decreased the quality of 
tomatoes. Chitosan as an edible coating reduces 
respiration besides inhibiting the activities of polyphenol 
oxidase (PPO) and peroxidase (POD), hence preventing 
fruits from browning (Dong et al., 2004). Since chitosan 
limits the respiration process, the usage of organic acids 
can be minimised (Petrioccione et al., 2015). Therefore, 
the quality of the tomatoes is preserved 
4. CONCLUSION 
This study has shown that a single coating of 
chitosan and cinnamic acid are effective in maintaining 
the quality of tomatoes. Chitosan is believed to prolong 
the shelf life of tomatoes since they are commercially 
utilised as a coating for fresh fruits. The usage of 
cinnamic acid in the industry is rare, but it has been 
proven to be impactful as a coating for tomatoes. 
Therefore, it is recommended that the combination of 
chitosan and cinnamic acid could replace chemical 
substances in the preserving the quality of fresh fruits 
mainly tomatoes. 
ACKNOWLEDGEMENT  
This project was funded by Research 
Acculturation Grant Scheme (RAGS). This study is part 
of Master of Science Thesis of Wan Norin Syerina. 
REFERENCES 
Ali, A., Maqbool, M., Ramachandran, S., and Alderson, P. G. (2010). 
Gum arabic as a novel edible coating for enhancing shelf-life and 
improving postharvest quality of tomato (Solanum lycopersicum 
L.) fruit. Postharvest Biology and Technology, 58(1), 42-47. 
Ali, A., Muhammad, M. T. M., Sijam, K., and Siddiqui, Y. (2011). 
Effect of chitosan coatings on the physicochemical characteristics 
of Eksotika II papaya (Carica papaya L.) fruit during cold storage. 
Food Chemistry, 124(2), 620-626. 
Adisakwattana, S., Moonsan, P., and Yibchok-Anun, S. (2008). Insulin-
releasing properties of a series of cinnamic acid derivatives in vitro 
and in vivo. Journal of Agricultural and Food Chemistry, 56(17), 
7838-7844. 
Baldwin, E. A., Burns, J. K., Kazokas, W., Brecht, J. K., Hagenmaier, R. 
D., Bender, R. J., and Pesis, E. (1999). Effect of two edible coatings 
with different permeability characteristics on mango (Mangifera 
indica L.) ripening during storage. Postharvest Biology and 
Technology, 17(3), 215-226. 
Batu, A. (2004). Determination of acceptable firmness and colour values  
of tomatoes. Journal of Food Engineering, 61(3), 471-475. 
Bautista-Baños, S., Hernandez-Lauzardo, A. N., Velazquez-Del Valle, 
M. G., Hernández-López, M., Barka, E. A., Bosquez-Molina, E., 
and Wilson, C. L. (2006). Chitosan as a potential natural 
compound to control pre and postharvest diseases of horticultural 
commodities. Crop Protection, 25(2), 108-118. 
Bedane, A. H., Huang, Q., Xiao, H., and Ei, M. (2012). Mass transfer of 
water vapor, carbon dioxide and oxygen on modified cellulose 
fiber-based materials. Nordic Pulp and Paper Research Journal, 
27(2), 409. 
Benhabiles, M. S., Tazdait, D., Abdi, N., Lounici, H., Drouiche, N., 
Goosen, M. F. A., and Mameri, N. (2013). Assessment of coating 
tomato fruit with shrimp shell chitosan and N, O-carboxymethyl 
chitosan on postharvest preservation. Journal of Food 
Measurement and Characterization, 7(2), 66-74. 
Cara, B., and Giovannoni, J. J. (2008). Molecular biology of ethylene 
during tomato fruit development and maturation. Plant Science, 
175(1), 106-113. 
Cheba, B. A. (2011). Chitin and chitosan: Marine biopolymers with 
unique properties and versatile applications. Global Journal of 
Biotechnology and Biochemistry, 6(3), 149-153. 
Cissé, M., Polidori, J., Montet, D., Loiseau, G., and Ducamp-Collin, M. 
N. (2015). Preservation of mango quality by using functional 
chitosan-lactoperoxidase systems coatings. Postharvest Biology 
and Technology, 101, 10-14. 
Dı́az, J., ten Have, A., and van Kan, J. A. (2002). The role of ethylene 
and wound signaling in resistance of tomato to Botrytis cinerea. 
Plant Physiology, 129(3), 1341-1351. 
Dong, H., Cheng, L., Tan, J., Zheng, K., and Jiang, Y. (2004). Effects of 
chitosan coating on quality and shelf life of peeled litchi fruit. 
Journal of Food Engineering, 64(3), 355-358. 
El Ghaouth, A., Ponnampalam, R., Castaigne, F., and Arul, J. (1992). 
Chitosan coating to extend the storage life of tomatoes. 
Horticulture Science, 27(9), 1016-1018.  
Dávila-Aviña, J. E., Villa-Rodríguez, J. A., Villegas-Ochoa, M. A., 
Tortoledo-Ortiz, O., Olivas, G. I., Ayala-Zavala, J. F., and 
González-Aguilar, G. A. (2014). Effect of edible coatings on 
bioactive compounds and antioxidant capacity of tomatoes at 
different maturity stages. Journal of Food Science and 
Technology, 51(10), 2706-2712. 
J. Trop. Resour. Sustain. Sci. 7 (2019): 47-52 
 
52 
eISSN Number: 2462-2389  © 2019  
UMK Publisher. All rights reserved. 
Fan, X., Chen, L., Wong, C. P., Chu, H. W. and Zhang, G. Q. (2015). 
Effects of Vapor Pressure and Super-Hydrophobic Nanocomposite 
Coating on Microelectronics Reliability. Engineering, 1(3), 384-
390. 
Friedman, M. (2013). Anticarcinogenic, cardioprotective, and other 
health benefits of tomato compounds lycopene, α-tomatine, and 
tomatidine in pure form and in fresh and processed tomatoes. 
Journal of Agricultural and Food Chemistry, 61(40), 9534-9550. 
Garcia, C. C., Caetano, L. C., de Souza Silva, K., and Mauro, M. A. 
(2014a). Influence of edible coating on the drying and quality of 
papaya (Carica papaya). Food and Bioprocess Technology, 7(10), 
2828-2839.  
García, M., Casariego, A., Diaz, R., and Roblejo, L. (2014b). Effect of 
edible chitosan/zeolite coating on tomatoes quality during 
refrigerated storage. Emirates Journal of Food and Agriculture, 
26(3), 238. 
Genanew, T. (2013). Effect of postharvest treatments on storage 
behavior and quality of tomato fruits. World Journal of 
Agricultural Sciences, 9(1), 29-37. 
Ghasemnezhad, M., Nezhad, M. A. and Gerailoo, S. (2011). Changes in 
postharvest quality of loquat (Eriobotrya japonica) fruits 
influenced by chitosan. Horticulture, Environment, and 
Biotechnology, 52(1), 40-45. 
Guerra, I. C. D., de Oliveira, P. D. L., de Souza Pontes, A. L., Lúcio, A. 
S. S. C., Tavares, J. F., Barbosa-Filho, J. M. and de Souza, E. L. 
(2015). Coatings comprising chitosan and Mentha piperita L. or 
Mentha × villosa Huds essential oils to prevent common 
postharvest mold infections and maintain the quality of cherry 
tomato fruit. International Journal of Food Microbiology, 214, 
168-178. 
Guzman J.D. (2014) Natural Cinnamic Acids, Synthetic Derivatives and 
Hybrids with Antimicrobial Activity, Molecules,19, 19292-19349.  
Hernández-Muñoz, P., Almenar, E., Ocio, M. J., and Gavara, R. (2006). 
Effect of calcium dips and chitosan coatings on postharvest life of 
strawberries (Fragaria x ananassa). Postharvest Biology and 
Technology, 39(3), 247-253. 
Hong, K., Xie, J., Zhang, L., Sun, D., and Gong, D. (2012). Effects of 
chitosan coating on postharvest life and quality of guava (Psidium 
guajava L.) fruit during cold storage. Scientia Horticulturae, 144, 
172-178.  
Islam, G. M. N., Arshad, F. M., Radam, A., and Alias, E. F. (2012). 
Good agricultural practices (GAP) of tomatoes in Malaysia: 
Evidences from Cameron Highlands. African Journal of Business 
Management, 6(27), 7969. 
Kaya, M., Česonienė, L., Daubaras, R., Leskauskaitė, D. and Zabulionė, 
D. (2016). Chitosan coating of red kiwifruit (Actinidia 
melanandra) for extending of the shelf life. International Journal 
of Biological Macromolecules, 85, 355-360. 
Lu, S., Luo, Y., Turner, E. and Feng, H. (2007). Efficacy of sodium 
chlorite as an inhibitor of enzymatic browning in apple slices. 
Food Chemistry, 104 (2007) 824–829.  
Moreira, M. D. R., Roura, S. I., and Ponce, A. (2011). Effectiveness of 
chitosan edible coatings to improve microbiological and sensory 
quality of fresh cut broccoli. Food Science and Technology, 
44(10), 2335-2341. 
Muche, B. M., and Rupasinghe, H. V. (2011). Natural antimicrobial 
agents of cinnamon (Cinnamomum zeylanicum L. and C. cassia) 
and vanilla (Vanilla planifola, V. pompona, and V. tahitensis) for 
extending the shelf-life of fresh-cut fruits. Ethiopian Journal of 
Science and Technology, 2, 1-13.  
Petriccione, M., De Sanctis, F., Pasquariello, M. S., Mastrobuoni, F., 
Rega, P., Scortichini, M. and Mencarelli, F. (2015). The effect of 
chitosan coating on the quality and nutraceutical traits of sweet 
cherry during postharvest life. Food and Bioprocess Technology, 
8(2), 394-408. 
Poverenov, E., Danino, S., Horev, B., Granit, R., Vinokur, Y. and 
Rodov, V. (2014). Layer-by-layer electrostatic deposition of edible 
coating on fresh cut melon model: anticipated and unexpected 
effects of alginate–chitosan combination. Food and Bioprocess 
Technology, 7(5), 1424-1432. 
Qiu, M., Wu, C., Ren, G., Liang, X., Wang, X. and Huang, J. (2014). 
Effect of chitosan and its derivatives as antifungal and preservative 
agents on postharvest green asparagus. Food Chemistry, 155, 105-
111. 
Rojas‐Graü, M., Oms‐Oliu, G., Soliva‐Fortuny, R., and Martín‐Belloso, 
O. (2009). The use of packaging techniques to maintain freshness 
in fresh‐cut fruits and vegetables: a review. International Journal 
of Food Science and Technology, 44(5), 875-889. 
Sabaghi, M., Maghsoudlou, Y., Khomeiri, M., and Ziaiifar, A. M. 
(2015). Active edible coating from chitosan incorporating green 
tea extract as an antioxidant and antifungal on fresh walnut kernel. 
Postharvest Biology and Technology, 110, 224-228. 
Terry, L. A., and Joyce, D. C. (2004). Elicitors of induced disease 
resistance in postharvest horticultural crops: a brief review. 
Postharvest Biology and Technology, 32(1), 1-13. 
Tigist, M., Workneh, T. S. and Woldetsadik, K. (2013). Effects of 
variety on the quality of tomato stored under ambient conditions. 
Journal of Food Science and Technology, 50(3), 477-486. 
Thomas, L. Rost. (1996). Lycopersicon esculentum. The Anatomy Atlas. 
Accessed on 20 October 2016 from website: 
http://wwwplb.ucdavis.edu/labs/rost/tomato/tomhome.html 
Vunnam, R., Hussain, A., Nair, G., Bandla, R., Gariepy, Y., Donnelly, 
D. J. and Raghavan, G. S. V. (2014). Physico-chemical changes in 
tomato with modified atmosphere storage and UV treatment. 
Journal of Food Science and Technology, 51(9), 2106-2112.  
Win, N. K. K., Jitareerat, P., Kanlayanarat, S., and Sangchote, S. (2007). 
Effects of cinnamon extract, chitosan coating, hot water treatment 
and their combinations on crown rot disease and quality of banana 
fruit. Postharvest Biology and Technology, 45(3), 333-340. 
Yang, H., Zheng, J., Huang, C., Zhao, X., Chen, H., and Sun, Z. (2015). 
Effects of combined aqueous chlorine dioxide and chitosan 
coatings on microbial growth and quality maintenance of fresh-cut 
bamboo shoots (Phyllostachys praecox f. prevernalis.) during 
storage. Food and Bioprocess Technology, 8(5), 1011-1019
 
